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Summary We report two cases in which contrast echocardiography was useful
for detecting right-to-left shunt. In case 1, a 53-year-old man was admitted to our
hospital after being diagnosed with acute heart failure. Even after improvement of
the heart failure, hypoxemia remained. Contrast echocardiography was performed.
When contrast mediumwas injected into the left antecubital vein, it directly drained
into the left atrium. When contrast medium was injected into the right antecubital
vein, it drained into the right atrium not the left atrium. These ﬁndings proved
the existence of a right-to-left shunt. In case 2, a 68-year-old man felt dyspnea on
mild effort, especially when sitting in an anteﬂexing posture. In room air, his SpO2
was 95% when sitting in a resting posture and 79% when in an anteﬂexing sitting
posture. Contrast echocardiography was performed. A patent foramen ovale (PFO)
was proved using the Valsalva maneuver, and the contrast medium drained from
right atrium into the left atrium via the PFO. He underwent patch closure of the
PFO, and his symptoms disappeared.
Contrast echocardiography should be performed for the diagnosis of chronic
hypoxemia for which causes are not detected with routine clinical examinations,
in order to conﬁrm right-to-left shunt.
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aontrast echocardiography for detecting right-to-le
ntroduction
ommon causes of hypoxemia in adult patients are
lveolar hypoventilation due to chronic obstruc-
ive pulmonary disease or sleep apnea syndrome,
entilation—perfusion mismatch due to pneumonia
r pulmonary thromboembolism, diffusion dis-
rders due to pulmonary edema or interstitial
neumonia, and shunting due to atelectasis. Right-
o-left shunting is such a rare cause of hypoxemia
n adult patients that its diagnosis is difﬁcult.
We report two cases in which contrast echocar-
iography was useful for the detection of a right-
o-left shunt during the diagnosis of hypoxemia.
ase 1
53-year-old man underwent patch closure of
ventricular septal defect (VSD) at the age
f 17. At the age of 44, when he was admit-
ed for drug-induced edema, chronic hypoxemia
as detected by chance. His oxygen saturation
SpO2) was 90% at rest. Chest computed tomog-
aphy (CT) showed atelectasis in the left lower
ung due to left phrenic nerve palsy. Pulmonary
entilation—perfusion scintigraphy demonstrated
ypoventilation—perfusion in the left lower lung.
s he was obese and a smoker, the atelectasis and
moking were considered to be the causes of the
ypoxemia. As he was asymptomatic, we observed
he hypoxemia.
He was transferred to our emergency ward, com-
laining of progressive dyspnea on effort for a week
rior to his admission. His chest roentgenogram
howed pulmonary congestion. He was admitted to
ur hospital with a diagnosis of acute heart fail-
re. The lung congestion was improved by diuretics
ithin a week of admission. Even after the improve-
ent of heart failure, his SpO2 remained at 90%
n room air. Transthoracic echocardiography (TTE)
howed normal wall motion and wall thickness, no
SD leakage, and no patent foramen ovale (PFO).
s the TTE images were poor due to his obesity, he
nderwent contrast echocardiography to rule out a
ight-to-left shunt.
Agitated saline was used as a contrast medium.
he injection dose was 5—7ml every time. Per-
istent left superior vena cava (PLSVC) is seen in
.5% of the general population and 2.8—4.3% of
atients with congenital heart disease, therefore
e routinely inject contrast microbubbles into the
eft antecubital vein. When contrast medium was
njected into the left antecubital vein, it drained






ot expected, the injection site was changed. When
ontrast medium was injected into the right ante-
ubital vein, it drained into the right atrium not
nto the left atrium. These ﬁndings suggested the
xistence of a right-to-left shunt. Transesophageal
ontrast echocardiography was performed in order
o conﬁrm the anatomical diagnosis.
When contrast medium was injected into the left
ntecubital vein, it drained into the left atrium via
n abnormal duct that existed between the left
uperior pulmonary vein and the left appendage.
few seconds after the injection, the contrast
edium drained into the right atrium via a path-
ay other than the atrial septum. When contrast
edium was injected from the right antecubital
ein, it drained into the right atrium not into the
eft atrium (Fig. 1A and B).
Contrast echocardiography showed that: he had
PLSVC, which drained directly into the left atrium
ia a pathway not involving the coronary sinus;
he right superior vena cava drained into the right
trium; and the PLSVC was linked to the right
uperior vena cava. Based on these ﬁndings, we per-
ormed venous angiography (Fig. 2), which showed
he same ﬁndings as the contrast echocardiography.
In this case, the cause of heart failure was
hought to be chronic hypoxemia due to a right-to-
eft shunt associated with PLSVC. A radical opera-
ion on the right-to-left shunt is being considered.
ase 2
68-year-old man presented with a 6-month his-
ory of worsening dyspnea on effort. Just before
dmission, he felt dyspnea on mild effort, espe-
ially when sitting in an anteﬂexing posture. In
nother hospital, cardiac catheterization, coronary
ngiography, TTE, and enhanced chest CT were per-
ormed, but the cause of his symptoms was not
etected. He was transferred to our hospital for
urther examination.
In room air, his SpO2 was 95% in a resting
itting posture and 79% in an anteﬂexing sitting pos-
ure. His chest roentgenogram showed ascending
ortic elongation. Pulmonary ventilation—perfusion
cintigraphy demonstrated that his ventilation and
ung perfusion were normal, but perfusion-tracer
ccumulated in the brain, kidneys, and colon.
Because of his positional hypoxemia and abnor-
al perfusion scintigraphy, a right-to-left shunt was
uspected. TTE showed normal wall motion and
all thickness, and the existence of a PFO was
ot proved by a color Doppler. Contrast echocar-
iography was performed to detect the right-to-left
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Figure 1 Transesophageal contrast echocardiography in case 1. Left ﬁgures were before injection of contrast medium,
and right ﬁgures were after injection of contrast medium. (A) When contrast medium was injected into the left
(LA)
age
A) noantecubital vein, it directly drained into the left atrium
left superior pulmonary vein (LSPV) and the left append
right antecubital vein, it drained into the right atrium (Rshunt. When contrast medium was injected into the
antecubital vein, it drained into the right atrium
and after that, into the left atrium, but the atrial





Figure 2 Venous angiography and the schema. Persistent le
left atrium (LA) via a pathway not involving the coronary sin
right atrium (RA); and the PLSVC had communication (arrow)via an abnormal duct (arrow) that existed between the
(LAA). (B) When contrast medium was injected into the
t into the left atrium (LA).f the poor quality of the images and the patient’s
ortuous aorta. In order to examine the exact shunt
osition, transesophageal contrast echocardiogra-
hy was performed.
ft superior vena cava (PLSVC) drained directly into the
us. The right superior vena cava (SVC) drained into the
to the right superior vena cava.


























































Pigure 3 Transesophageal contrast echocardiography in
ital vein, it drained from the right atrium (RA) into the
hunting was increased by the Valsalva maneuver and cha
On transesophageal echocardiography, the exis-
ence of the PFO was proved by the Valsalva
aneuver. When contrast medium was injected
nto the antecubital vein, it drained from the right
trium to the left atrium via the PFO. The size of
ight-to-left shunt was increased by the Valsalva
aneuver and changes in posture (Fig. 3).
He underwent patch closure of the PFO and his
ymptoms disappeared.
iscussion
aking a diagnosis of hypoxemia is usually possi-
le by enhanced CT, a pulmonary function test,
ulmonary ventilation—perfusion scintigraphy, and
TE in addition to history taking, laboratory ﬁnd-
ngs, and a chest roentgenogram. However, a
ight-to-left shunt should be considered as a cause
f hypoxemia when a diagnosis cannot be made in
pite of these examinations.
Since Gramiak et al. reported the usefulness
f contrast echocardiography in 1969, it has been
he most useful method for detecting right-to-left
hunts [1]. Transesophageal echocardiography is
ore useful than TTE for examining the atrial sep-
um, the left atrium, and the pulmonary veins.
herefore, transesophageal contrast echocardiog-
aphy is sometimes needed to detect the exact
hunt site.LSVC drains into left atrium
LSVC is the most common anomaly of the tho-
acic systemic venous system. This anomaly is seen




i2. When contrast medium was injected into the antecu-
atrium (LA) via a PFO (left). The amount of right-to-left
s in posture (right).
ase, and generally drains into the right atrium via
he coronary sinus. Therefore, PLSVC does not usu-
lly have clinical implications except for pacemaker
mplantation and open-heart surgery. PLSVC rarely
ccurs with unroofed coronary sinuses, which can
e a cause of shunting, but it is very rare that
PLSVC directly drains into the left atrium as in
ase 1.
Only a few cases of this anomaly have been
eported, and in almost all of them other congen-
tal anomalies, such as common atrium [2], VSD
ith pulmonary stenosis, complete atrial ventric-
lar septal defect (AVSD)[3], or Ebstein’s anomaly,
ere present as well. In case 1, VSD was associated
ith this anomaly.
In case 1, this anomaly was not found during
patch closure of a VSD at the age of 17. At
he age of 44, this anomaly was not found dur-
ng lung ventilation—perfusion scintigraphy because
he tracer was injected into the right antecubital
ein. In order to detect a right-to-left shunt, we
ust inject the contrast medium into the left ante-
ubital vein, assuming a PLSVC.
Because this anomaly is very rare, the therapy
or it is not established. Several reports recom-
end PLSVC repair by simple ligation or using a
atch [4—6]. However, as the PLSVC was linked to
he right superior vena cava in case 1, only a patch
epair was considered.
latypnea—orthodeoxia syndromelatypnea—orthodeoxia syndrome is an uncommon
yndrome of dyspnea that is induced by an upright
osture with associated arterial hypoxemia and








Burchell et al. described this rare syndrome in 1949
[7], no more than 50 cases have been reported.
This syndrome shows a right-to-left shunt, which
is either intra-cardiac such as in PFO, atrial sep-
tal defect (ASD), and fenestrated atrial septal
aneurysm or extra-cardiac such as in pulmonary
arterial—venous malformations. PFO, which is
present in 25—30% of healthy subjects [8], is
responsible for a signiﬁcant amount of right-to-left
shunts when an elevation in right-sided heart pres-
sure is present, such as in patients with pulmonary
hypertension.
However, in this syndrome, standing upright may
stretch the atrial septum, and venous blood from
the inferior vena cava drains into the left atrium
via the defect. Anatomical distortion of the right
atrium or the atrial septummight also occur from an
aortic aneurysm, or aortic elongation. These condi-
tions can cause a signiﬁcant amount of right-to-left
shunting through a PFO without elevation of right-
sided heart pressure, resulting in hypoxemia [9].
Contrast echocardiography is useful for detect-
ing right-to-left shunts via a PFO. For other cases,
we should try contrast echocardiography in an
upright or sitting posture or under the Valsalva
maneuver.
The deﬁnitive treatment is closure of the defect,
but one report showed that aortic shorting is neces-
sary when the aortic elongation is very large [10].
In case 2, patch closure of PFO was carried out, and
the patient’s symptoms disappeared.
ConclusionContrast echocardiography should be performed for
the diagnosis of chronic hypoxemia for which causes
are not detected with routine clinical examina-
[
Available online at www.sJ. Sakamoto et al.
ions, in order to conﬁrm right-to-left shunt. During
he procedure, assuming a PLSVC, we must inject
he contrast medium into the left antecubital vein,
nd it might be better to try contrast echocardiog-
aphy in an upright or sitting posture or under the
alsalva maneuver.
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